We investigated whether microglia form gap junctions with themselves, or with astrocytes, oligodendrocytes, or neurons in vivo in normal mouse brains, and in pathological conditions that induce microglial activation -brain injury and a model of Alzheimer's disease. Although microglia are in close physical proximity to glia and neurons, they do not form functional gap junctions under these pathological conditions.
Introduction
Gap junctions (GJs) are intercellular channels between apposed cells that permit the diffusion of ions and small molecules typically less than 1000 Da (Bruzzone et al., 1996) . In vertebrates, GJs are comprised of a family of integral membrane proteins known as connexins (Cxs) that are named according to their predicted molecular mass (Willecke et al., 2002) . The traditional view was that astrocytes are coupled to each other (A:A coupling) by Cx43:Cx43 and Cx30:Cx30 homotypic channels, and to oligodendrocytes (A:O coupling) by heterotypic Cx47:Cx43 and/or Cx32:Cx30 channels (Altevogt and Paul, 2004; Mugnaini, 1986; Nagy and Rash, 2000; Rash et al., 2001a; Rash et al., 2001b) . Dye transfer studies in acute brain slices confirmed A:A and A:O coupling through Cx47:Cx43, and also demonstrated direct O:O coupling by Cx32:Cx32 and Cx47:Cx47 homotypic channels (Maglione et al., 2010; Wasseff and Scherer, 2011) .
A number of reports indicate that microglia express connexins, and/or form GJs in vitro (Eugenin et al., 2001; Martinez et al., 2002; Dobrenis et al., 2005; Garg et al., 2005; Saez et al., 2013) . Accordingly, we sought to address how microglia interact with the CNS panglial syncytium in vivo under normal and pathological conditions that activate microgliabrain injury, a model of Alzheimer's disease, and following activation by lipopolysaccharide (LPS) injection. Our dye transfer studies indicate that microglia do not form functional GJs with themselves, astrocytes, oligodendrocytes, or neurons in vivo in normal brain or in these models.
Methods

Animals
We used B6.129P-Cx3cr1 tm1Litt /J mice (also referred to as CX3CR1-EGFP; Jackson Laboratory), in which the Egfp gene is knocked into the Cx3cr1 locus. In these mice, microglia are the only cells in the CNS that express EGFP since they are the only CNS cells that express the fractalkine receptor (CX3CR1) (Jung et al., 2000) .
To induce traumatic brain injury, P16-P20 mice were anesthetized with a mixture of ketamine/xylazine, a small burr hole was drilled through the skull over the cerebrum, and a 25 gauge needle was inserted 3-4 times through the hole, and then the wound was closed with sutures (Levine, 1994) . To generate Alzheimer's mice model expressing EGFP in microglia, CX3CR1-EGFP mice were crossed with transgenic mice that express the P301S mutant human microtubule-associated protein tau, MAPT, referred to as P301S (Yoshiyama et al., 2007) .
To induce activation by LPS, P20 mice were injected with LPS (0.5 mg/kg, IP injection; Sigma) as previously described (Kondo et al., 2011) .
Electrophysiology
All experiments were conducted using an Olympus BX51WI fixed stage microscope, fitted with infrared differential interference contrast (IR-DIC), and videomicroscopy through an Olympus DP-71 color
